Optimal Reactive Power Dispatch (ORPD) is needed for reduces the power system losses and improves voltage profile, power system security and overall power system operation. In this paper, the ORPD problem solved using Constrained Reactive Power Control (CRPC) based MultiObjective Evolutionary Programming (MOEP) optimization technique considering multicontingencies (N-m). The proposed technique determines the optimum reactive power to be dispatched by the generators in order to improve voltage stability condition of a system. A computer program was written in MATLAB and the proposed technique was tested on the IEEE 30-bus RTS. Hence, the result was compared with Multi-Objective Artificial Immune System (MOAIS) to highlight it merits.
Introduction
Power system is one of the composite fields in electrical engineering where optimization plays an important role. ORPD is one of the important aspects in the today's power system operation. It is a non-linear constraint multi-objective optimization problem where the real power loss along transmission line and voltage deviation are to be minimized respectively under control and dependant variable [1] .Voltage stability is becoming an increasing source of concern in secure operation of present day power system [2] . The problem of voltage instability is generally considered as the inability of the network to meet the load demand imposed in terms inadequate reactive power support or active power transmission capability or both [1] [2] . This paper present a new approach for constrained power planning based on MOEP optimization technique considering multi-contingencies (N-m) that may occur in power system. The suggested technique determines the optimum CRPC, by the generators in order to improve voltage stability condition of a system. The multi-objective of CRPC problems has been implemented by considering two combinations of objective functions namely voltage stability improvement and transmission loss minimization. SVSI and transmission loss were taken as the fitness for determining the optimum values of CRPC.
Finally, comparative studies are conducted by comparing the results with MOAIS. An algorithm to apply such multi-objective optimization has been formulated based on the same nondominated sorting concept implemented in non-dominated sorting genetic algorithm (NSGA-II). In addition, a program is also developed to obtain best compromise solution (BCS) in a power system.
Objective Function
There are two objective function were discussed in this paper. It is namely Static Voltage Stability Index terms as SVSI minimization and transmission loss.
Minimization of SVSI. The mathematical equation can be written as follows [3] : (1) where R ji and X ji denotes the line resistance and reactance, P ij is the real power at the receiving end, Q ij is the reactive power at the receiving end and V ij is the sending end voltage. SVSI has to be between 0 and 1 to maintain stability in power system. It will be minimized to imply voltage stability improvement. Minimization of Transmission Loss. The objective function of the proposed method is to minimize the active power loss subject to a set of equality and inequality constraints in the system. This objective function is mathematically stated as follows [4] ;
where, n s is the slack bus number; N B-1 is total number of buses, excluding slack bus, N b is total number of buses, θ ij is voltage angle difference between bus i and bus j, Q i and Q j are the reactive power on the sending and receiving buses; Q G is the generated reactive power, V i and V j are the voltage magnitude at the sending and receiving buses and 
Multi-Objective Optimization
Multi-objective optimization is a process to find the value of the variables that minimize the objective function namely SVSI and transmission loss while the system is operating within its constraint limit. Multi-objective problems are more difficult to solve compared to single objective since there is no unique solution [5] [6] . Instead of one optimal solution, the implementation of multi-objective can give a set of optimal solutions [5] . These optimal solutions are known as Pareto-optimal solutions. A Pareto optimal solution cannot be improved with respect to any objective without worsening at least one other objective. The set of all feasible non-dominated solution is referred to as the Pareto optimal set, and for a given Pareto optimal set, the corresponding objective function values in the objective space is called the Pareto front.
In this study, a multi-objective optimization problem consists of two objectives to be optimized simultaneously and it is associated with a number of equality and inequality constraints are implemented. The multi-objective problem can be formulated as follows [7] :
where F is the objective f 1 (x) and f 2 (x) are two objective functions, x is the vector of dependent variable, u is the vector of control variables, g is the equality constraints and h is the inequality constraint.
Multi-Objective Optimization using EP and AIS
In order to improve the voltage stability condition of the test system, the variable namely the reactive powers were injected on the generator buses. In this technique, MOEP was used to determine the optimum reactive power to be controlled and dispatched by the chosen generator buses [7] [8]. Several outages namely line outages and generator outages were subjected into the
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system. The selections of outages are based on the most severe generator and line in the system to maximize the performance of the system. Two generator outages and five line outages were subjected to the system i.e., generators: 11 and 13 and lines: 1, 4, 8, 9 and 7. The procedure for MOEP is represented in flowchart as shown in Figure 1 . The concept of MOEP is based on the same non-dominated sorting concept implemented in NSGA-II. The algorithms required a number of parameters.
Result and Discussion
The results have been obtained from the developed algorithm for multi-objective reactive power control based on NSGA-II. The developed algorithm has been tested with bus 26 subjected to maximum loadability in the IEEE 30-bus RTS. The multi-objective power control problem has been formed with considering multi-contingencies (N-m) ; stress, lines and generator outages have been occurred in the system which are formulated with objective of minimizing the SVSI and transmission loss respectively. 
Recent Trends in Power Engineering
For the studies, the following parameters are used: Multi-Objective Evolutionary Programming for CRPC. In this study, MOEP algorithm has been applied where both SVSI and transmission loss were optimized simultaneously. The simulation results are tabulated in Table 1 . The Pareto optimal fronts set are shown in Figure 2 respectively. It is observed that the SVSI and transmission loss values reduce with respect to λ after the implementation of MOEP in the system. It implies that the voltage stability has been improved. The best SVSI value is 0.1867 while the best transmission loss is 13.02 MW. The best compromise solution is 0.1919 for SVSI and 13.12 MW for transmission loss.
Comparative Studies. The comparison result for the best compromise solution for different optimization technique using MOEP and MOAIS for the implementation of CRPC is tabulated in Table 2 . In this table, the results are verified from three aspects in terms of SVSI value, transmission loss and amount of non-dominated solutions. When load is subjected to bus 26, it shows that only 115 non dominated solutions distributed along Pareto Front using MOAIS. Nevertheless, the MOEP has presented 200 non-dominated solutions along the Pareto Front, in which it gives more choices of selection for CRPC to improve SVSI and reduce the transmission loss in the system. 
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As highlighted in the table, it is observed that MOEP is better than MOAIS since MOEP managed to improve the SVSI value as compared to MOAIS in the system. However, MOAIS outperformed EP in terms of transmission loss.
Conclusion
The combination of SVSI and transmission loss minimization as objective function has been solved for the IEEE 30-bus RTS system with bus 26 subjected to loading condition. The Paretooptimal front has been obtained in all schemes and the best compromise solution shows the promising results where MOEP and MOAIS successfully improved the SVSI value and reduced the transmission loss values in the system. Finally, results obtained from the MOEP techniques were compared with MOAIS and it was found that MOEP outperformed MOAIS in most cases. 
